WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 6 : 

H01M 16/00, 2/10, A61N 1/378, H01M 
6/42 


Al 


(11) International Publication Number: WO 99/05750 

(43) International Publication Date: 4 February 1999 (04.02.99) 


(21) International Application Number: PCT/US98/ 15494 

(22) International Filing Date: 24 July 1998 (24.07.98) 


(30) Priority Data: 
60/054,939 


25 July 1997 (25.07.97) 


US 


(71) Applicant: CARDIAC PACEMAKERS, INC. [US/US]; 4100 
Hamline Avenue North, St. Paul, MN 55112 (US). 

(71)(72) Applicants and Inventors: WARREN, Jay, A. [US/US]; 
14 Lake Bay, North Oaks, MN 55127 (US). MAILE, Keith, 
R. [US/US] ; 1432 Pond view Circle, Lino Lakes, MN 55038 
(US). 

(74) Agent: VIKSNINS, Ann, S.; Schwegman, Lundberg, Woessner 
& Kluth, P.O. Box 2938, Minneapolis, MN 55402 (US). 


(81) Designated States: CA, European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE). 


Published 

With international search report. 


(54) Title: BATTERY SYSTEM FOR IMPLANTABLE MEDICAL DEVICE 
(57) Abstract 

A battery system and method of manufacture 
in which at least two batteries, having different 
chemistries, are integrated into a common housing. 
The battery system has a unitary housing having at 
least two chambers, in which each pair of adjacent 
chambers share a common wall. Each chamber 
contains one battery, and at least one battery has a 
different chemical composition than the remaining 
batteries. 



16 


: DOCID: <WO 9S05750A1_!_> 


FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 


AL 

Albania 

ES 

Spain 

LS 

Lesotho 

SI 

Slovenia 

AM 

Armenia 

FI 

Finland 

LT 

Lithuania 

SK 

Slovakia 

AT 

Austria 

FR 

France 

LU 

Luxembourg 

SN 

Senegal 

AU 

Australia 

GA 

Gabon 

LV 

Latvia 

sz 

Swaziland 

AZ 

Azerbaijan 

GB 

United Kingdom 

MC 

Monaco 

TD 

Chad 

BA 

Bosnia and Herzegovina 

GE 

Georgia 

MD 

Republic of Moldova 

TG 

Togo 

BB 

Barbados 

GH 

Ghana 

MG 

Madagascar 

TJ 

Tajikistan 

BE 

Belgium 

GN 

Guinea 

MK 

The former Yugoslav 

TM 

Turkmenistan 

BF 

Burkina Faso 

GR 

Greece 


Republic of Macedonia 

TR 

Turkey 

BG 

Bulgaria 

HU 

Hungary 

ML 

Mali 

TT 

Trinidad and Tobago 

BJ 

Benin 

IE 

Ireland 

MN 

Mongolia 

UA 

Ukraine 

BR 

Brazil 

IL 

Israel 

MR 

Mauritania 

UG 

Uganda 

BY 

Belarus 

IS 

Iceland 

MW 

Malawi 

US 

United States of America 

CA 

Canada 

IT 

Italy 

MX 

Mexico 

uz 

Uzbekistan 

CF 

Central African Republic 

JP 

Japan 

NE 

Niger 

VN 

Viet Nam 

CG 

Congo 

KE 

Kenya 

NL 

Netherlands 

YU 

Yugoslavia 

CH 

Switzerland 

KG 

Kyrgyzstan 

NO 

Norway 

zw 

Zimbabwe 

CI 

C6ie d'lvoire 

KP 

Democratic People's 

NZ 

New Zealand 



CM 

Cameroon 


Republic of Korea 

PL 

Poland 



CN 

China 

KR 

Republic of Korea 

PT 

Portugal 



CU 

Cuba 

KZ 

Kazakstan 

RO 

Romania 



CZ 

Czech Republic 

LC 

Saint Lucia 

RU 

Russian Federation 



DE 

Germany 

LI 

Liechtenstein 

SD 

Sudan 



DK 

Denmark 

LK 

Sri Lanka 

SE 

Sweden 



EE 

Estonia 

LR 

Liberia 

SG 

Singapore 




DOC ID: <WO 99057S0A1_I_> 


WO 99/05750 


PCT/US98/15494 


BATTERY SYSTEM FOR IMPLANTABLE MEDICAL DEVICE 

Technical Field 

5 The invention relates generally to electrochemical batteries and, in 

particular, to electrochemical batteries for use in implantable medical devices. 

Background 

The battery of an implanted medical device should have a reliable, long 
life^ Engineering progress in battery design has lead to substantial reductions in 

1 0 battery volume while maintaining, or improving upon, the device longevity. 
This reduction in battery volume has resulted in smaller and more comfortable 
devices for the patient. 

Implantable cardiac defibrillators (ICDs) generally have monitoring and 
control circuitry to sense and analyze cardiac events, and electrical output 

1 5 circuitry to provide both pacing level and defibrillation level electrical energy to 
the cardiac tissue in response to the control circuitry. These ICD circuitry 
components, however, have different power requirements. While the monitoring 
and the pacing control and output circuitry require a continuous low-current 
supply over the life of the ICD, the defibrillation output circuitry require a high- 

20 current supply for very short time durations to enable the defibrillation electrical 
output circuitry to deliver a defibrillation level shock to the patient in a timely 
manner. Therefore, one of the challenges in designing ICDs is the integration of 
these circuitry components with vastly different power requirements into a ICD 
using a single current battery. 

25 Typically, two lithium silver vanadium pentoxide batteries coupled in 

series have been used to achieve the high-current, high power density, 
requirements for the ICDs defibrillation output circuity. This high power 
capability battery design is suited for the high-voltage defibrillation output 
circuity which draws peak current drains on the order of amperes from the 

30 battery. By contrast, the low-current monitoring circuit, the logic control circuit, 
and any accompanying pacing output circuit of the ICD have peak battery 
demands in the microampere to milliampere range. The high power density 
batteries are typically regulated down to provide a stable low-current power 
supply to the monitoring and pacing control circuits over a wide range of 
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potential battery loads. The down regulation of the power dense batteries is, 
however, an inefficient use of the depletable power source and thus a larger 
battery must be used to provide for the reliable operation of the ICD. 

To resolve the dichotomy of combining high- and low-power circuits, the 
5 use of two separate batteries has been attempted. These "dual battery" systems 
provide two physically independent batteries matched to the separate power 
requirements of the ICD. U.S. Pat. Nos. 5,405,363 (Kroll et al) and 5,439,482 
(Adams et ai) describe the use of "dual battery" ICD systems. Each patent 
suggests that utilizing two batteries can result in a reduction of overall volume of 

1 0 the battery system as compared to a single battery system. While these patents 
describe reductions in ICD battery volumes, further reductions in battery volume 
and weight continue to be a goal of ICD designers. 

Summary of the Invention 
The present battery system provides a dual battery system for use within 

15 an implantable medical device. The battery housings of the system share a 

common wall. The shared common wall of the dual battery system reduces the 
weight and volume of the battery system, and thus the weight and volume of the 
implantable medical device. The result is a smaller, lighter, and more 
comfortable device for the patient. 

20 The invention provides a battery system including (1) a unitary battery 

housing having a plurality of chambers; (2) a common wall between adjacent 
chambers; and (3) a plurality of batteries. 

In one embodiment, the battery system has a unitary housing having at 
least two chambers, in which each pair of adjacent chambers share a common 

25 wall. Each chamber contains one battery, and at least one battery of the system 
has a different chemical composition than any or all of the remaining batteries. 

In one application of the battery system, the battery is used in an ICD. 
The battery system comprises a unitary housing having a plurality of walls 
defining a first and a second chamber. The plurality of walls includes a common 

30 wall between the first chamber and the second chamber. Housed within the first 
chamber is a first electrochemical cell having a first cathode, a first anode, and a 
first electrolyte between the first cathode and the first anode. The second 
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chamber houses a second cathode, a second anode, and a second electrolyte 
between the second cathode and the second anode. The two electrochemical 
cells have different chemical compositions such that one electrochemical cell can 
supply, for example, a energy dense low current output, in the microampere 
5 range, while the other electrochemical cell can supply a power dense high current 
output, in the ampere range. In this way the battery system can supply the 
distinct electrical needs of the various components of the implanted device while 
conserving both volume and weight of the im planted device. 

In alternative embodiments, different numbers and locations of chambers 
10 can also be used to house the electrochemical cells. When only first and second 
chambers are used, they share an entire housing wall. However, when three or 
more chambers are used it is possible to have each chamber sharing a housing 
wall with more than one of the remaining chambers. In this way, further 
reductions in both volume and weight of the implanted device can be attained. 
15 Brief Description of the Drawing s 

Figure 1 is a schematic view of one embodiment of the battery system 
from which a segment of the lid of the housing has been removed to show detail. 

Figure 2 is a schematic view of a Figure 1 taken along the lines 2-2 of 
Figure 1. 

20 Figure 3 is a schematic view of one embodiment of a block diagram of 

electronic control circuitry utilizing the battery system according to the present 
invention. 

Figure 4 is a schematic view of one embodiment of the battery system 
from which a segment of the lid of the housing has been removed to show detail. 
25 Figure 5 is a schematic view of one embodiment of the battery system 

from which a segment of the lid of the housing has been removed to show detail. 

Detailed Description 
In the following Detailed Description, reference is made to the 
accompanying drawings which form a part hereof and in which is shown by way 
30 of illustration specific embodiments in which the invention may be practiced. 
These embodiments are described in sufficient detail to enable those skilled in 
the art to practice and use the invention, and it is to be understood that other 
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embodiments may be utilized and that electrical, logical, and structural changes 
may be made without departing from the spirit and scope of the present 
invention. The following detailed description is, therefore, not to be taken in a 
limiting sense and the scope of the present invention is defined by the appended 
5 claims and their equivalents. 

Figures 1 and 2 of the drawing show a first embodiment of a battery 
system 10. The battery system 10 is adapted to be used within an implantable 
medical device for supplying electrical energy to the various components of the 
implantable medical device. 

1 0 The battery system 10 comprises a unitary housing 12 of metal such as 

stainless steel or titanium which is shaped or otherwise formed to have a first 
plurality of walls which define a second plurality of battery chambers, the second 
plurality of chambers defining a volume for one or more battery cells. The 
battery chambers can be rectangular in shape or they can be defined by a volume 

1 5 having a parabolic or a cylindrical segment cross section. The battery chambers 
are also of an integral construction where the second plurality of battery 
chambers share one or more common walls, and the housing geometrically 
defined to reside within the implantable medical device. 

Each chamber includes a bottom portion 14; spaced-apart side wall 

20 portions 16, 18, and 20 extending from the bottom portion; and spaced-apart end 
wall portions 22 and 24 and the latter portions extend from bottom portion 14 to 
join the side wall portions 16, 18, and 20, and thus form the second plurality of 
hollow battery chambers. The bottom portion 14 is planar, and the side wall 
portions 16, 18, and 20 are parallel, but this is not mandatory. The unitary 

25 housing has a top or end, opposite the bottom portion 14, which is sealed closed 
by means of a lid 25 also of metal such as stainless steel or titanium. 

The plurality of battery chambers also include at least one common wall 
between adjacent pairs of chambers. Therefore, the housing provides an 
electrically common contact for two or more of the second plurality of battery 

30 chambers. In Figures 1 and 2 the side wall portion 1 8 provides an example of a 
common wall that lies between adjacent pairs of battery chambers. While this 
example shows the common wall comprising one entire side of the adjacent pairs 
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of battery chambers, is possible that the common wall can be a portion of the 
adjacent walls such that the battery chambers are in a staggered configuration. 
Alternatively, each battery chamber can share a common wall with two or more 
adjacent battery chambers when the battery system has three or more battery 
5 chambers present. 

The side wall portions 16, 18, 20, the end wall portions 22, 24, the 
bottom portion 14, and the lid 25 each have a thickness. The side wall portion 
1 8 has a thickness "d" and the remaining side walls 16 and 20, end walls 22 and 
24, bottom. portion 14, and the lid 25 have a thickness "D". In one embodiment 

10 of the present invention, any wall of the unitary housing 12 has a thickness of 
less than 0.5 millimeters. In another embodiment, a range of thickness for any 
wall of the unitary housing 12 is between 0.2 - 0.5 millimeters. The thickness d, 
in one embodiment, can have a value that is equal to D. However, in an 
alternative embodiment, d is less than D wherein the thickness d is in the range 

15 of 0.2 - 0.4 millimeters and the thickness of D is in the range of 0.3 - 0.5 
millimeters. 

Each of the second plurality of battery chambers is adapted to house one 
or more battery cells, where battery cells are electrochemical cells, within a 
separate chamber where at least one of the electrochemical cells has a different 

20 chemical composition than any other electrochemical cell. 

Briefly, the method of manufacturing the battery system of the present 
invention comprises the steps of constructing a housing providing a plurality of 
chambers, where the plurality of chambers define a volume for one or more 
battery cells and where the plurality of chambers share one or more common 

25 walls. The housing is further constructed such that it is geometrically defined to 
reside within the implantable device. An anode is placed into each of the 
plurality of battery chambers. The anode comprises a pair of alkali metal 
elements or plates having an anode current collector sandwiched or positioned 
between the anode elements. In one embodiment, the anodes of the battery 

30 system are a lithium compound. A conductor strip of nickel or suitable metal is 
spot welded to the anode current collector. An electrical conductor is connected 
to the conductor strip. The electrical conductor extends out of the unitary 
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housing and through an opening in the lid 25 to provide an external electrical 
connection point ("terminal"). The anodes are coated with an organic electron 
donor component material by placing an electrolyte compound into physical 
contact with each exposed surface of the anodes. The electrolyte is comprised of 

5 an organic solvent (including acetonitrile, y-butyrolactone, dimethylsulfoxide, 
dimethylsulfite, 1 ,2-dimethoxyethane, dioxolane, methyl formate, nitromethane, 
or prorylene carbonate) and lithium salts. The electrical conductor is then sealed 
from the remainder of the cell. 

The electrochemical cells further include a cathode element within each 

10 of the plurality of battery chambers. The cathode element is in operational 
contact with exposed surfaces of the coated anode surfaces and also in 
operational contact with the inner surface 30 of the unitary housing. The unitary 
housing is constructed of an electrically conducting material, and it serves as a 
cathode current collector. The cathode current collector is then coupled to a 

1 5 cathode terminal which extends to the exterior of the battery housing. The 

cathode terminal is then connected to an opening 27 through the lid 25 (or is a 
part of the lid 25) of the battery system and of the cathode current collector. The 
lid 25 of the battery system is then fitted into place over the open end of the 
unitary housing and is welded around the peripheral edge of the unitary housing 

20 to create a hermetic seal. Each electrochemical cell is activated by placing the 
cathode material into physical contact with the electrolyte compound to create 
the plurality of cells or batteries. 

Each battery chamber houses a separate electrochemical cell, and at least 
one of the plurality of electrochemical cells has a different chemical composition 

25 than any other electrochemical cell. In this way, at least one of the 

electrochemical cells of the battery system has a different power density as 
compared to the power density of any other electrochemical cell within the 
battery system. The electrochemical cells of the battery system can be, but are 
not limited to, manufactured from materials which comprise an anode of an 

30 alkali metal such as lithium, a cathode selected from the group consisting 

essentially of iodide, vanadium oxide (including vanadium pentoxide), silver 
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vanadium oxide, silver chromium oxide, cobalt oxide, manganese oxide, and 
carbon monofloride, and an electrolyte which is a liquid organic compound. 

In an alternative embodiment, the second plurality of battery chambers 
can be electrically isolated from each other through the use of an electrically 
5 insulating material which is used to electrically separate the plurality of battery 
chambers. Any relatively non-conductive material may be used to perform 
electrical insulation. 

In one embodiment of the invention, the second plurality of chambers 
includes a first battery chamber 26 and a second battery chamber 28. The first 

1 0 battery chamber 26 has a first geometrical shape and the second battery chamber 
28 has a second geometrical shape, where the first geometrical shape 
substantially equal to the second geometrical shape. Alternatively, the first 
geometrical shape could be substantially different to the second geometrical 
shape. The first and second battery chambers 26 and 28 are rectangular 

1 5 parallelepiped in shape. They form an integral construction including a bottom 
portion 14; spaced-apart side wall portions 16, 18, and 20 extending from the 
bottom portion; and spaced-apart end wall portions 22 and 24 and thus the latter 
portions extend from bottom portion 14 to join the side wall portions 16, 18, and 
20 to form the first and second battery chambers 26 and 28. The plurality of 

20 walls forming the first and second battery chambers 26 and 28 include the side 
wall portion 18 which constitutes the common wall between the first chamber 26 
and the second chamber 28. 

A first electrochemical cell is housed within the first battery chamber 26. 
In the present embodiment the first electrochemical cell has a first anode of 

25 lithium, a first cathode selected from the group consisting essentially of iodide, 
silver vanadium pentoxide, and vanadium pentoxide, and a first liquid organic 
electrolyte compound. The second electrochemical cell is comprised of an 
anode, cathode, and an electrolyte that together provide a different chemical 
composition than the first electrochemical cell. Thus, the battery system has first 

30 and second electrochemical cells which provide different energy densities and 
power densities. In the present embodiment the second electrochemical cell has 
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an anode of lithium, a cathode of carbon. mono floride, and a liquid organic 
electrolyte compound. 

Referring now to Figure 3, there is shown the battery system of the 
invention housed within an ICD 32 where it supplies the distinct electrical needs 
5 of the various components of the ICD, while conserving both volume and weight 
of the ICD. The general ICD system has an implantable housing 34 on which is 
mounted a connector block 36. The connector block 36 has a plurality of 
connector ports for physically and electrically connecting various implantable 
transvenous catheters, and other implantable electrodes, to the ICD 32. 

10 Within the ICD 32, the implantable catheters are electrically connected to 

integrated circuitry controls 38, which incorporate a microprocessor 40, having 
sensing and logic control circuits, a memory section 42, including RAM and 
ROM, and an input/output interface circuitry 44, containing sense amplifiers and 
pacing and defibrillation pulse generator circuitry. The sensing control circuits 

15 of the microprocessor 40 receive electrically sensed cardiac signals from a 
ventricle and/or an atrium, and employ sense amplifiers contained within the 
input/output interface circuitry 44. The logic control circuits of the 
microprocessor 40 then analyze the sensed cardiac signals using rhythm 
detection and discrimination algorithms, contained within the memory 42 

20 sections of the ICD 32, to identify signals indicating the onset of an arrhythmia 
of the heart. 

The input/output interface circuitry 44 can then deliver pacing pulses and 
defibrillation shocks to restore normal sinus rhythm to the heart. The pacing and 
defibrillation pulse generator circuitry both incorporate capacitors which are used 

25 to supply electrical energy to the heart. The pacing pulse generator circuitry 

requires the ICD battery system 1 0 to charge the pacing capacitor to a point that 
it can deliver a continuous series of pacing pulses in the 1 to 10 volt range. 
However, the defibrillation pulse generator circuitry also requires the ICD 
battery 46 to charge the high-voltage defibrillation capacitor to a point where it 

30 can deliver a defibrillation sized shock of up to 750 volts, and generate it quickly 
enough to be of clinical utility. The memory 42 section of the ICD 32 further 
includes a diagnostic data storage component to assist a physician in 
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reconstructing a clinical event. Also incorporated into the ICD 32 are isolation 
and protection circuitry 48. 

By providing two distinct power sources, the battery system 10 can 
provide the optimal power supply for the high power density (high-current) 
5 defibrillation circuitry and the high energy density (low-current) sensing/pacing 
circuitry of the ICD system, while the unitary housing of the invention 
concurrently minimizes the size and the weight of the battery system. In one 
embodiment, the battery system 10 has a displacement volume below 40 cubic 
centimeters. Other embodiments exist with various displacement volume ranges 

10 and the examples are not intended in an exclusive or limiting sense. 

The first cell of the battery system 10 should have a total energy storage 
capacity of at least 3 watt-hours to provide adequate voltages to the sensing and 
pacing circuits of the ICD over at least a two year period. Furthermore, the first 
electrochemical cell is a high energy density, low-voltage battery, such as a 

15 lithium iodine cell, having a first power output between 1 - 250 microwatts. The 
first electrochemical cell can be incorporated into the first battery chamber 26 of 
the battery system 10 to supply power to the sensing and logic control circuits of 
the microprocessor 40 of Figure 3. The first electrochemical cell can also supply . 
power to the pacing output circuitry, which can have a peak power demands 

20 from the battery system on the order of 100 to 200 microwatts. 

In contrast, the second cell should have an energy storage capacity of at 
least 3 watt-hours to provide adequate voltages for the defibrillation output 
circuitry of the ICD for at least a two year period. The second electrochemical 
cell can be a high power density low-internal-impedance chemistry battery, such 

25 as a lithium-silver vanadium oxide cell, having a second output between 0.5 - 30 
watts. The second electrochemical cell is incorporated into the second battery 
chamber 28 of the battery system 10 to supply power to the high-voltage 
defibrillation circuits, which develop and deliver outputs up to 750 volts 
(approximately 15-40 Joules), and can impose peak current drain demands of 

30 several amperes on the power source. 

Figure 4 of the drawings shows another embodiment of the battery 
system of the present invention. The battery system 100 of Figure 4 is adapted to 
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be used within an implantable medical device for supplying electrical energy to 
the various components of the implantable medical device as previously 
described. 

The battery system 1 00 comprises a unitary housing 1 02 of metal such as 
5 stainless steel or titanium which is shaped or otherwise formed to have a first 
plurality of walls which define a first and second battery chamber 120 and 122. 

The first and second battery chambers 120 and 122 are semi-cylindrical 
and shaped as a quarter of a cylinder. They form an integral construction 
including a bottom portion 104; spaced-apart wall portions 106, 108, and 1 10 

1 0 extending from the bottom portion 1 04 to form the first and second battery 

chambers 120 and 122. The bottom portion 104, the wall portions 106 and 108 
are planar, and the wall portion 1 10 is arcuvet, so that the walls define a quarter 
of a cylinder divided along its axis and wherein the housing defines a tubular 
shape or, alternatively, a partial spheroid shape. Alternatively, the wall portion 

15 110* can be constructed to be a partial ellipsoid, wherein the wall portion 108' 
extends along the long axis of the ellipsoid and the housing defines a parabolic 
segment. The unitary housing has a top or end, opposite the bottom portion 104, 
which is sealed closed by means of a lid 112 also of metal such as stainless steel 
or titanium. 

20 The plurality of battery chambers of the invention also includes at least 

one common wall between adjacent pairs of chambers. In Figure 4 the wall 
portion 108 provides an example of a common wall that lies between adjacent 
pairs of battery chambers. The wall portions 106, 108, 110, the bottom portion 
104 and the lid 1 12 each have a thickness. The wall portion 108 has a thickness 

25 "d" and the remaining walls 106 and 1 10, bottom portion 104, and lid 1 12 have a 
thickness "D" In one embodiment of the present invention, any wall of the 
unitary housing 102 has a thickness of less than 0.5 millimeters. In another 
embodiment, a range of thickness for any wall of the unitary housing 102 is 
between 0.2 - 0.5 millimeters. The thickness d, in one embodiment, can have a 

30 value that is equal to D. However, in an alternative embodiment, d is less that D 
wherein the thickness d is in the range of 0.2 - 0.4 millimeters and the thickness 
of D is in the range of 0.3 - 0.5 millimeters. 
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Each of the plurality of battery chambers is adapted to house an 
electrochemical cell or battery. As previously described, the battery chemistry 
used within the separate battery chambers can be selected to provide a first 
power of between 1 - 250 microwatts in one battery chamber and a second power 
5 of between 0.5-30 watts in the second battery chamber. 

Figure 5 of the drawings show another embodiment of a battery system of 
the present invention. The battery system 200 of Figure 5 is adapted to be used 
within an implantable medical device for supplying electrical energy to the 
various components of the implantable medical device. 
1 0 The battery system 200 comprises a unitary housing 202 of metal such as 

stainless steel or titanium which is shaped or otherwise formed to have a first 
plurality of walls which define a first and second battery chamber 220 and 222. 
The first and second battery chambers 220 and 222 are arcuvet in shape. The 
battery chambers form an integral construction including a bottom portion 204; 
1 5 spaced-apart wall portions 206 and 208 extending from the bottom portion 204 
to form the first and second battery chambers 220 and 222. The bottom portion 
204 and the wall portion 206 are planar, and the wall portion 208 is tubular. The 
unitary housing has a top or end, opposite the bottom portion 204, which is 
sealed closed by means of a lid 226 also of metal such as stainless steel or 
20 titanium. 

The plurality of battery chambers of the invention also includes at least 
one common wall between adjacent pairs of chambers. In Figure 5 the wall 
portion 206 provides an example of a common walls that lies between adjacent 
pairs of battery chambers. The wall portions 206, 208, the bottom portion 204 

25 and the lid 226 each have a thickness. The wall portion 206 has a thickness "d" 
and the wall portion 208, bottom portion 204, and lid 226 have a thickness "D". 
In one embodiment of the present invention, any wall of the unitary housing 202 
has a thickness of less than 0.5 millimeters. In another embodiment, a range of 
thickness for any wall of the unitary housing 202 is between 0.2 - 0.5 

30 millimeters. The thickness d, in one embodiment, can have a value that is equal 
to D. However, in an alternative embodiment, d is less that D wherein the 
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thickness d is in the range of 0.2 - 0.4 millimeters and the thickness of D is in the 
range of 0.3 - 0.5 millimeters. 

Each of the plurality of battery chambers is adapted to house an 
electrochemical cell or battery. As previously described, the battery chemistry 
5 used within the separate battery chambers can be selected to provide a first 

power of between 1 - 250 microwatts in one battery chamber and a second power 
of between 0.5 - 30 watts in the second battery chamber. 
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We Claim: 

1 . A battery system, comprising: 

a housing having a plurality of walls defining a plurality of chambers, 
5 where the plurality of chambers share one or more common walls and where the 
plurality of chambers provide a volume for one or more battery cells; and 

the housing geometrically defined to reside within the implantable 
medical device. 

10 2. The battery system of claim 1, including an implantable medical device, 
the implantable medical device comprising an implantable housing, and the 
battery system within the implantable housing for supplying electrical energy to 
the implantable medical device. 

15 3. The battery system of claims 1 and 2, where the housing provides an 

electrically common contact for two or more of the second plurality of chambers. 

4. The battery system of claim 1, where the one or more battery cells are 
electrochemical cells. 

20 

5. The battery system of claim 4 in which the electrochemical cells 
comprise an anode of lithium, a cathode selected from the group consisting 
essentially of iodide, vanadium oxide, vanadium pentoxide, silver vanadium 
oxide, silver chromium oxide, cobalt oxide, manganese oxide, and carbon 

25 monofloride; and an electrolyte which is an organic solvent and lithium salts. 

6. The battery system of claim 4 in which each of the electrochemical cells 
has a total energy storage capacity of at least 3 watt-hours. 

30 7. The battery system of claim 4, where the electrochemical cells include a 
first cell and a second cell, and where a chemical composition of the first cell is 
different than a chemical composition of the second cell. 
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8. The battery system of claim 7 in which the first cell has a first power 
output between 1 - 250 microwatts, and the second cell has a second power 
output of between 0.5-30 watts. 

5 9. The battery system of claim 1, where the second plurality of chambers 
includes a first chamber and a second chamber, and where the first chamber has 
a first geometrical shape and the second chamber has a second geometrical 
shape, the first geometrical shape substantially equal to the second geometrical 
shape. 

10 

10. The battery system of claim 1, where the second plurality of chambers 
includes a first chamber and a second chamber, and where the first chamber has 
a first geometrical shape and the second chamber has a second geometrical 
shape, the first geometrical shape substantially different than the second 

1 5 geometrical shape. 

1 1 . The battery system of claim 1 , wherein the housing defines a rectangular 
parallelepiped shape. 

20 12. The battery system of claim 1 , wherein the housing defines a tubular 
shape. 

13. The battery system of claim 1, wherein the housing defines a partial 
spheroid shape. 

25 

14. The battery system of claim 1 in which the battery system has a 
displacement volume of below 40 cubic centimeters. 

15. The battery system of claim 1 in which any wall of the unitary housing is 
30 less than 0.5 millimeters thick. 
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16. The battery system of claim 1 
between 0.2 - 0.5 millimeters thick. 

1 7. The battery system of claim 1 
5 surgical grade stainless steel. 

1 8. The battery system of claim 1 
titanium or alloys of titanium. 


15 

in which any wall of the unitary housing is 


in which the unitary housing is made of 


in which the unitary housing is made of 


10 19. The battery system of claim 1 in which the unitary housing is 
hermetically sealed. 

20. An implantable medical device comprising: 
an implantable housing; and 

15 a battery system within the implantable housing for supplying electrical 

energy to the implantable medical device, in which the battery system comprises 
a housing having a first plurality of walls defining a plurality of chambers, the 
plurality of chambers defining a volume for one or more battery cells, the 
plurality of chambers sharing one or more common walls; and 

20 the housing geometrically defined to reside within the implantable 

medical device. 

21 . A method for manufacturing a battery system, comprising: 
constructing a housing providing a plurality of chambers, for one or more 

25 battery cells, the plurality of chambers sharing one or more common walls, the 
housing geometrically defined to reside within the implantable device. 
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